10.06 kg (SE = 4.18; P = 0.022) and a mean reduction of 5.5 kg per steer in HCW (SE = 2.74; P = 0.043) were also found between type I and type II steers.
IntroductIon
Bovine digital dermatitis (dd) is a contagious and multifactorial infectious claw disease that leads to painful, ulcerative lesions of the skin near the heel-horn border of the foot (Read and Walker, 1998) .
Digital dermatitis has long plagued the dairy industry with the first clinical reporting of the disease in 1974 (Cheli and Mortellaro, 1974 ) and a continued emergence in almost all dairy producing countries (Refaai et al., 2013) . With regard to beef cattle, the pathogenesis and etiology of DD has not been widely reported or studied over the past several decades.
With increasing awareness about DD in feedlot cattle over the past years (Larson et al., 2014) , additional information that may lead to solutions that will aid in reducing claw diseases and lameness at a reasonable cost are increasingly warranted. Traditional strategies to control DD in milking cows like frequent monitoring for new infections in the parlor or pen, prompt topical AbstrAct: Bovine digital dermatitis (DD) is a contagious and multifactorial disease that leads to painful, ulcerative lesions of the skin near the heel-horn border of the foot, most commonly in dairy cattle. With regard to beef cattle, the pathogenesis and etiology of DD has not been widely reported or studied over the past several decades. A longitudinal field trial in a commercial feedlot was conducted to compare prevalence and effects of DD in beef steers provided a diet supplemented with a novel formulation of inorganic and organic trace mineral sources (OTM diet) compared to a diet provided with similar levels of trace minerals solely from inorganic sources (CON diet). A secondary objective was to evaluate the prevalence of DD and the potential effects on growth performance and carcass yield and quality. One thousand seventy-seven steers were assigned to 1 of the 2 treatment groups (CON diet or OTM diet) based on location of their home pens which were situated in 1 of 2 barns. All pens in the B barn (group B) were assigned to the OTM diet, and all pens in the A barn (group A) were assigned to the CON diet. The study was conducted in 2 phases: adaptation phase (AP) comprising the initial 60 d of feeding CON and OTM diets and postadaptation phase (PAP) which lasted until cattle were sent to harvest. In the AP, pens in group B had a greater proportion of steers (54.03%) with DD lesions compared to pens in group A (26.72%). During the PAP, the relative risk of observing an increased DD prevalence was significantly (P < 0.05) higher in CON group compared to OTM group. Growth performance, final live weight, and hot carcass weight were negatively impacted when steers were observed to have active DD lesions (M2 lesions) compared to steers with no M2 lesions over the study period. For ADG, a calculated loss per steer of 0.08 kg/d from type I (no M2 lesions) to type II (one M2 lesion; SE = 0.028; P = 0.003) and loss of 0.14 kg/d from type I to type III (multiple M2 lesions; SE = 0.038; P = 0.0003) were observed. A significant BW loss of approximatelytreatment of active lesions, routine claw trimming, and antimicrobial footbaths are often more difficult to implement in a feedlot setting. However, management strategies that are currently being used in dairy young stock may be more feasible to implement in feedlots. These strategies focus on nutritional interventions that provide diets that allow for improved optimization of the animal's immune response to DD and improvement of the skin integrity and resilience of the foot along with increased monitoring and utilization of antimicrobial footbaths for improved prevention (Gomez et al., 2014) .
The aims of this study were to explore the possible role of an organic trace mineral (otM) supplementation program as part of a prevention and control strategy for DD in feedlot cattle. In addition, to improve our understanding of the pathogenesis and epidemiology of DD in feedlot cattle, its effect on animal performance, carcass yield and quality and overall economic costs.
MAterIAls And MetHods

Animals
All animal use was approved by the University of Wisconsin School of Veterinary Medicine Animal Care and Use Committee under Protocol V01525. A total of 1,077 steers from a commercial feedlot in the Upper Midwest of the USA were enrolled in the study. Cattle were housed in 2 covered barns (A and B) with 6 pens in each barn. Pens had concrete, grooved flooring with a bedded pack in the center. Cattle had access to feed bunks on 2 sides of each pen and 2 water troughs per pen. Steers were offered fresh feed as a total mixed ration (tMr) twice per day and pens were scraped in the periphery while bedding was added 3 times per week. Groups of animals in each pen were managed using an all-in-all-out system. Cattle were sourced from sale barns from 4 different locations in North America (Origin 1, Origin 2, Origin 3, and Origin 4). All of the A barn cattle originated from 1 source (Origin 1), and the B barn cattle originated from 4 different sources with 1 pen from each of the 4 origins. Cattle were mixed breeds, and coat color was recorded. Study animals had been in the feedlot for at least 60 d and not longer than 90 d prior to enrollment in the study. At the time of the study no DD prevention or control measures, like antimicrobial footbaths or prompt treatment of active lesions, were being implemented by feedlot personnel.
Study Design
Steers were assigned to 2 different study groups based on their barn location. Group A totaled 494 steers, and Group B totaled 583 steers. The pens enrolled in Group A consisted of pen A1 with 93 steers, pen A4 with 246 steers, and pen A5 with 155 steers. Pens enrolled in Group B consisted of pen B1 with 83 steers, pen B2 with 95 steers, pen B5 with 166 steers, and pen B6 with 239 steers. All cattle in Group B received the treatment diet (otM) which was comprised of the standard basal finishing diet with a proprietary organic trace mineral formulation (Table 1 ; Availa Plus; Zinpro Performance Minerals, Eden Prairie MN). Cattle in Group A were fed the control diet (con) that consisted of the standard basal finishing diet used by the feedlot (Table 1) . All researchers and feedlot personnel responsible for Pens of cattle selected to be in the study were processed for enrollment using a stand-up restraint chute (Silencer, Dubas Cattle Co, Moly Manufacturing Inc.). At enrollment (DD1), each individual steer was given a unique study identification (id) number using numbered ear tags (1 through 1,077), and individual weights were recorded. All pens were enrolled within a 3 wk time span. The study was divided into 2 phases: adaptation phase (AP) consisting of the initial 60 d on the respective diets (OTM or CON) and a postadaptation phase (PAP) consisting of the time after 60 d of being on the respective diets until cattle were shipped to the packing plant. Individual animal BW were recorded at study enrollment (DD0), during the midstudy evaluation at the start of PAP (DD4), and estimated at harvest (final live weight). During the AP, each steer was observed for the presence of DD lesions every 2 wk for a total of 3 observations (DD1, DD2, and DD3). Similarly, during the PAP steers were individually observed for DD lesions every 2 wk until harvest (DD4, DD5, and DD6). Observations of DD took place either in the restraint chute or in a sorting alleyway during so called "alley checks." During alley checks small groups of 3 to 5 steers were herded into an alleyway which allowed for visual observation and scoring of the hind feet by a single, trained observer. Steers were given a DD score using the M-stage classification system described by Döpfer et al. (1997) and were typed into a group based on recurrence of DD lesions (Dopfer et al., 1997; Dopfer et al., 2004; Holzhauer et al., 2008; Berry et al., 2012) . Throughout the study, the majority of DD scoring was done by a single observer (D. Döpfer) with M. Kulow providing scores at DD4 for pens A4 and B2; DD5 for pens A5, B1, and B6; and DD6 for pen B5.
Carcass Data Collection
All steers were followed to harvest to obtain individual carcass information. Individual ear tag numbers were matched to carcass sequence numbers in each lot of cattle. Hot carcass weight was measured prior to entry into the cooler. Carcasses were chilled for approximately 36 h after which time quality and yield grades were assigned by USDA graders. Quality grades assigned were either Prime, Choice, Select, Standard, Dark Cutter, Hard Bone, or Blood shot. For descriptive and statistical analyses, the Select and Standard grades were combined into the Average grade, and the un-gradable carcasses (Dark Cutter, Hard Bone, and Blood Shot) were combined into the Poor grade. Carcasses receiving a USDA Choice quality grade were assigned USDA yield grades (YG; Y1 to Y5). The packing plant also provided average individual live weights per lot at the time of harvest. The carcass dressing percent was calculated using the hot carcass weight of each steer divided by the average individual live weight per pen as determined by total offtruck weight as cattle were received at the packing plant. Mean dressing percent, by pen, was used to estimate the final individual live weight at slaughter for each steer. The estimated final live weight and the initial live body weight recorded at enrollment were used to estimate an ADG for each steer over the study period. Average daily gain was calculated using Eq. [1]: ADG = (estimated final live weightb-initial live body weight)/(total days between date of initial live body weight and market date)
[1]
Individual values for the production parameters were used to calculate mean values at the pen and group levels.
Mineral Level Monitoring
Total serum iodine levels were obtained from blood serum from at least 10 randomly chosen steers within each group at study enrollment and following 60 d and 90 d of being fed the respective treatment diets (Table 2) . Total serum iodine levels were analyzed at these time points as a marker to approximate adequate intake of the CON and OTM diets. Feed samples were taken once per month throughout the study for each group. 2 Sample time point for enrollment in the study (June 2014) with values shown as means with ± SD, n = 15 for Group A and n = 20 for Group B 3 Sample time point for 60 d after being on study diet (August 2014) with values shown as means with ± SD, n = 10 for Group A and n = 17 for Group B 4 Sample time point for 90 d after being on study diet (September 2014) with values are shown as means with ± SD, n = 16 for Group A and n = 15 for Group B a P-value from two-sample t-test used to determine significant differences between mean serum total iodine levels for Group A and Group B **P < 0.05, *P < 0.10 Feed samples were composite TMR of all pens within groups A or B. Standard wet chemistry and a basic mineral analysis were performed initially when the supplements were added to their respective diets and then 30 and 60 d afterward. Feed iodine levels were analyzed at these time points and monthly until the end of the study.
Statistical Analysis for DD Outcomes
Bivariable and multivariable analyses were conducted on the data to analyze outcomes at the individual steer level and make comparisons between the study time phases (AP or PAP). The full data set contained 5,358 observations with multiple DD scoring events per steer. To work with repeated measures, for each steer the lesion and chronicity events were summarized into 1 event per steer for each time phase of the study (total of 2,154 observations). To facilitate this process, new variables were created to combine the lesion and chronicity variables. The M2M4 variable was positive if a steer was observed to have any type of DD lesion (M2 or M4) and was negative if a steer was never observed to have any type of DD lesion during any respective time phase. Similar categorization was done for the new variables: M2, M4H, or M4P where a steer was either positive or negative during the respective time phases for an M2 lesion, an M4 hyperkeratotic (M4H) lesion, and M4 proliferative (M4P) lesion, respectively. In addition, multiple M2 lesion events were accounted for in the DD steer type variable following the categories outlined in Text Box 2.
Using the data set with outcomes for the AP and PAP phases, bivariable analyses were conducted by graphing the frequencies of lesion outcomes (positive or negative) among steers within each study group for each phase of the study. The frequencies were used to determine the relative risk within Group A or Group B for an individual animal to have a particular lesion outcome during PAP compared to AP. A similar bivariable analysis was conducted to analyze the frequencies of lesion outcomes among steers within each pen for AP and PAP.
A backward stepwise elimination process was used to select the covariates for the final multivariable logistic regression models used for predicting each lesion outcome with statistical significance declared at the 95% CI. The initial model used for all potential variables for predicting a DD lesion outcome was Y = α + β 1Group + β 2Time + β 3ADG + β 4DOF + β 5Breed + β 6Origin + β 7USDA Grade + β 8DDType + β 9M4H + β 10M4P + β 11Hot Carcass Weight + γ 1Time:Group + γ 2Group:DOF + γ 3Group:ADG + e i, [2] where Y = dichotomous outcomes (positive or negative) of either the M2M4 lesion outcome or the M2 lesion outcome. β 1Group = difference between Group A or Group B using Group A as the reference group and β 2Time = the difference between before and after phases using before phase as the reference level. Average daily gain, days on feed (doF), and HCW (β 3 , β 4 , and β 11 , respectively) were continuous variables and were transformed by centering each individual value around the overall mean of each variable. Lesion recurrence and chronicity were represented by β 8DDType , β 9M4H , and β 10M4P ; β 5 , β 6 , and β 7 were adjustments for breed, origin, and carcass grade. Interaction terms between group and time, group and DOF, and group and ADG were also introduced into the original model and were eliminated if not significant (γ 1Time:Group , γ 2Group:DOF , and γ 3Group:ADG ). The covariates of pen and study id were entered as random effects but were not included in final model. The fit of the final fixed effect models were assessed based on Akaike information criterion (AIc). The final model for the M2M4 lesion outcome and the M2 lesion outcome were as follows, respectively:
Odds ratios were determined by exponentiation of the coefficients and the significant predictors for each model were plotted using a Forest plot, while the significant interaction terms were displayed graphically.
Statistical Analysis for Production Parameters
The production parameters of ADG, final live weight, and HCW were analyzed for their association with DD and other factors. A backward stepwise elimination process was used to select the covariates of the final linear regression models for predicting the production parameters above and statistical significance was declared at the 95% confidence level. The starting model equation with all potential variables for predicting the production parameters of ADG, final live weight, and HCW was Y = α + β 1Group + β 2DOF + β 3DDType + β 4M4H + β 5M4P + β 6USDA Grade + β 7Breed + β 8Origin + β 9BW + γ Group:DDType + e i [5] where Y equals ADG, final live weight, or HCW as a continuous outcome. β1Group = difference between Group A or Group B using Group A as the reference group. Lesion recurrence and chronicity were represented by β 3DDType , β 4M4H , and β 5M4P ; β 2 , β 6 , β 7 , β 8 , and β 9 were adjustments for DOF, carcass grade, breed, origin, and initial body weight at enrollment. An interaction term between group and DD steer type (γ Group:DDType ) was introduced. The fit of the final fixed effect models was assessed based on AIC. The final linear model equations for the production parameters were ADG = α + β 1Group + β 2DOF + β 3DDType + β 4M4P + e i [6] Final live weight = α + β 1DOF + β 2DDType + β 3m4H + β 4USDAGrade + e i
[7] HCW = α + β 1DOF + β 2DDType + β 3m4H + β 4USDAGrade + e i .
[8]
A Pearson's chi-squared test was used to determine differences in proportions of USDA quality and yield grades among pens and among study groups. Statistical analyses were conducted using R version 3.1.1 (R Core Development Team, 2008) .
results
During the study period, 5 animals died for reasons unrelated to treatment, 5 were removed from the study prior to harvest, and 17 study animals were not able to be identified at the time of slaughter due to missing visual id ear tags. On average, steers in the study were (Table 2 ). Initial levels of serum total iodine showed no significant difference between groups; however, after both 60 and 90 d on supplementation, Group B had significantly higher levels of total iodine in serum compared to Group A (P = 0.001 and P = 0.095, respectively; Table 2 ), indicating that the correct diets were being provided to their designated pens.
The total number of DD scoring events varied depending on when the individual animals were selected for harvest. In the AP, each steer was observed 3 times for the presence of DD; however, during the PAP the number of DD scoring events varied from 2 to 4 events per steer. During the PAP, 984 out of 1,077 animals were evaluated for DD in the chute with the remainder being observed in the alleyways because they were too large to be safely restrained and managed in the chute. There were 596 steers that had 2 scoring events (chute score plus 1 alley score) and 392 steers that had 3 scoring events (chute score plus 2 alley scores). Only pen A5 had 4 PAP DD scoring events.
During the AP, DD (M2 or M4 lesions) was prevalent in both groups; 26.72% of steers in Group A and 54.03% of steers in Group B (Table 3) . During the PAP, the proportion of steers observed with M2 or M4 lesions was 61.13% in Group A and 49.74% in Group B (Table 3) . In pens A1, A4, and A5 there was significantly table 3. Proportion of steers (in percentage) with different M-stages 1 in each group during the adaptation phase (AP) and postadaptation phase (PAP) of the study and proportion of DD steer types 2 within each pen and group Fig. 1 ) in the PAP. In pens B1, B2, and B5 no statistically significant differences were observed in the risk of steers with M2 or M4 lesions during the PAP compared to the AP (Fig. 1) . Regression models were used to evaluate associations between the presence of DD lesions and their impacts on production parameters (Tables 4 and 5 ). For the overall prevalence of DD lesions (either M2 or M4 lesions) both group and time phases were significant risk factors along with a significant effect of an interaction between them (Table 4) . Group B, after 60 d on OTM supplementation had a significantly lower risk associated with having an M2 or M4 lesion compared to Group A (Table 4 ; Fig. 2 ). Steers with M2 or M4 lesions had significantly decreased ADG (P = 0.0588).
For the overall prevalence of M2 lesions, a significant effect was found for the interaction between supplement group and days on feed. As mean days on feed increased in Group B there was a greater probability of M2 lesions compared to Group A (Table 5 ; P = 7.82 × 10 −5 ). Group B after 60 d on supplementation had a significantly less steers with M2 lesions compared to Group A (P = 0.0103; Table 5 ; Fig. 3 ). Steers with M2 lesions also had significantly decreased ADG (P = 0.0017). The tan color coat cattle were found to have significantly less risk (P = 0.0216) of having M2 lesions compared to black color coat cattle. Finally, Origins 3 and 4 were found to have an increased risk (P = 0.0157 and P = 0.0057, respectively) of having steers with M2 lesions compared to Origin 1.
Production parameters consisting of mean BW, ADG, and the various carcass measurements for each pen and by group are detailed in Table 6 . Overall, the carcasses of the study animals in the different pens graded differently, with a majority of each pen grading Choice (X2 = 65.17; P = 5.331 × 10 −9 ). There was a statistically significant difference between the quality grading among supplement groups (X2 = 25.6; P = 2.918 × 10 −7 ). Group A had a statistically significantly higher proportion of Choice and Prime carcasses (84.2%) compared to Group B (74.1%; X2 = 6.95, P = 1.164 × 10 −5 ; X2 = 9.53, P = 0.0084) and statistically significantly lower proportion of Average carcasses (9.2% vs. 18.3%; X2 = 16.76; P = 4.24 × 10 −5 ). There was no statistically significant difference in quality grading for steers never observed to have an M2 lesion (DD steer type I) and those found to have 1 or more M2 lesions (DD steer type II and type III).
Similar to quality grade, the yield grade of carcasses was statistically significantly different between pens (X2 = 63.42; P = 5.331 × 10 −9 ). Also, the grading between supplement groups was significantly different in proportions (X2 = 21.64; P = 2.004 × 10 −5 ). Group B had significantly higher proportions of Y2 graded carcasses (20.1%) than Group A (8.63%; X2 = 20.27; P = 6.738 × 10 −6 ) and Group A had a higher proportion of Y4 graded carcasses (21.8% vs. 16.1%; X2 = 4.17; P = 0.041). There was no statistically significant difference between proportions of Y3 graded carcasses between groups. Also, there was no statistically significant difference in yield grading between steers observed to have M2 lesions and those who never had M2 lesions.
Linear regression models were used to predict the individual outcomes of ADG, final live weight, and HCW ; P = 0.022). For type III animals, an average loss in final BW of 8.6 kg•steer-1 was determined; however, this was not statistically significant after accounting for other factors (SE = 5.81; P = 0.137). When comparing type I to type II animals, there was a mean reduction of 5.5 kg per steer in HCW (SE = 2.74; P = 0.043). Hot carcass weight was reduced by 4.5 kg for steers with repeated M2 lesions (type III); however, this was not significant (SE = 3.82; P = 0.230). Production parameters were negatively associated with DOF where the longer an animal was in the feedlot past the mean DOF the greater the probability for experiencing DD. 2 OR = odds ratio.
a Statistical significance found with P < 0.05.
b Statistical significance found with P < 0.10.
Figure 2.
A plot representing the statistically significant interaction between the study phases and the study groups. Group A (CON diet) had a significantly greater increase in steers with M2 or M4 digital dermatitis lesions compared to Group B (OTM diet) in the PAP (p < 0.05). This is displayed in the plot by the difference in slopes between probabilities of steers with M2 or M4 lesions in the adaptation phase to the postadaptation phase in Group A and Group B. associated with the final BW and HCW, where Prime carcasses weighed significantly more than Choice and Average carcasses (select and standard grade combined) weighed significantly less than Choice carcasses (Tables 8 and 9 ).
dIscussIon
This longitudinal study analyzed the progression of DD prevalence and severity in a Midwestern feedlot operation through the growing-finishing period and its effects on cattle performance. The data regarding the pathogenesis and epidemiology of DD in the cattle from our study and the significant associations found between DD and production parameters highlight the importance of controlling and managing DD in a feedlot environment. This study cohort showed how DD can progress in a feedlot during the finishing period when no preventative or control measures are in place. This progression of DD is seen in Group A where 61.72% of cattle were affected by DD with a fivefold increase in steers with M2 lesions by the end of the study. Previous experience at this feedlot has shown an increase in the incidence and severity of DD lesions the longer cattle are on feed, particularly for cattle which are fed during the latter parts of the summer.
The current study also evaluated the possible beneficial effects of feeding increased levels of trace minerals from multiple sources (copper, zinc, manganese, cobalt, and iodine) may have on helping mitigate and control DD outbreaks within commercial feedlots that are endemically affected with the disease. At the beginning of the study the prevalence of DD varied between Group A and Group B, with the pens in Group B having a higher prevalence than the pens in Group A. Despite the different initial prevalences, we attribute the significantly higher increase in M2 and M4 lesions in Group A to the CON diet compared to the static or reduced prevalence of lesions in Group B fed the OTM diet. Specific amino acid complexes of trace minerals have been shown to be more table 6. Production parameters: average body weights, ADG, and HCW per pen and average for each group; also, proportion of steers (in percentage) per pen and average proportion for each group for USDA quality grades and yield grades (Wedekind et al., 1992; Sanz Fernandez et al., 2014) and have better retention (Nockels et al., 1993) than inorganic sources. Research has shown benefits of trace minerals for improving immune response, wound healing rate, and skin integrity. Zinc is required for maintenance of skin integrity, stabilization of membranes, and activation of cell-mediated immune system (Miller et al., 1988) . Iodine affects the local inflammatory response and the ability of macrophages to form compounds to kill invading pathogens (Siddiqui, 1993) . These benefits may be key to the prevention of DD through increased skin integrity or enhanced wound healing time for animals affected through an improved immune response. Previous research done in rearing dairy heifers has shown that a diet with elevated trace minerals from organic sources and iodine aids in the control of DD and a reduced size of active lesions (Gomez et al., 2014) . The possible role that increased levels and availability of trace minerals may have in prevention of outbreaks of acute DD lesions and overall lameness in cattle still needs to be explored further.
Using our modeling approach, we were able to incorporate factors that might have contributed to the different outcomes and still found the significant, positive interaction between being in Group B (OTM diet) and the PAP. In addition, pens in the 2 barns were managed in the same manner, and neither barn received any other DD control or prevention, such as footbaths. In dairy cattle, outbreaks of DD on mixing of cattle can be severe with prevalences greater than or equal to 95% when no control measures are in place (Hulek et al., 2010) . With the higher starting prevalence seen in Group B one might have expected the prevalence to reach higher levels as the study progressed, but this was not observed. The conditions under which the present study was conducted allowed for an evaluation of DD from a control perspective. We recognize that the study was challenged by the logistics of the feedlot as the management would only allow for feeding of different diets by barn and could not accommodate randomizing among pens. Additional research to evaluate the potential efficacy of the OTM supplement to prevent DD in feedlot cattle is required where cattle are randomized into treatment and control groups at the pen level with similar initial DD prevalence.
Losses measured in growth rate during the finishing period due to DD possibly contributed to the reductions observed for final BW. This may be related to a reduction in mobility attributable to pain which contributed to a decreased feed intake. In this study the occurrence of 1 M2 lesion was associated with a measurable loss in ADG of 0.08 kg•d -1 resulting in a 9.5 and 5.5 kg decrease in final BW and HCW, respectively. With repeated occur- a Statistical significance found with a P-value < 0.05.
b Statistical significance found with a P-value < 0.10.
rences of DD lesions during the finishing period the loss in ADG was greater (0.14 kg•d-1) and could contribute to substantial losses in final BW or HCW, although those differences were not found to be statistically significant in this study. However, the lack of significance could be due to the limited number of steers with repeated M2 lesions. In comparison, for other infectious causes of lameness, one study found losses in ADG for a single incidence of footrot during the finishing period to be approximately0.049 kg•d-1 (Tibbetts et al., 2006) . Digital dermatitis in feedlot cattle is a serious, underestimated concern regarding animal welfare and economics. Overall, the negative impacts observed on production amount to significant economic losses which can occur if the animal only suffers from a single M2 lesion occurrence during the finishing period. The normal flow of beef cattle throughout the typical production chain inevitably leads to animals from multiple sources being co-mingled, which consequently may contribute to the exposure and spread of many of unwanted infectious diseases. Currently, the beef industry has developed many interventions to aid in the prevention and control of respiratory diseases among cattle operations through the use vaccination, prophylactic treatment, and disease state awareness (Smith, 1998) . Similar management protocols will be required to effectively control the spread of DD; however, DD will require a different, more preventative approach because an effective vaccination protocol is not commercially available (Fidler et al., 2012; Palmer and O'Connell, 2015) .
Further research to determine and understand the potential factors influencing DD in the beef industry is needed to develop suitable mechanisms for management, prevention, and control. A proper DD control program should include proper nutrition to ensure optimal claw health, routine screening, prompt treatment of active lesions, routine use of disinfecting footbaths, good hygiene, and proper cattle handling. An increased emphasis on education regarding DD and subsequent care of feedlot cattle is mandatory. lIterAture cIted
